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THE USE OF A RETRACTABLE PLANING FLAP
INSTEAD OF A FIXED STEP ON A SEAPLANE

By Jemes M, Benson and Lindsey J. Lina
SUMMARY

Datae are presented and discussed to show the im—
provements 1n both the hrdrodynamic and the nerodyrnaniec
performance of a seeplano that could be obdbtained if a
retractable wlaning flap vere used instead of the con—
vent ional main sten, The improvenents ir resistance
made poscible ty use of a planlng flap to vary the depth
of step during andi efter take—off are of the order of 8
percent in the water realstance ats the hump speed and
about 2 or 3 vercent in tle total alr drag of a long-
range fiyling bcat of cux.,.(..t deslgn at cruilsing attitude,
One tywe of retractable flap that could be used is de—
scrlbed end the resulte of hydrodynamic stabllity tests
of a maodel fitted with the flap are glven, The tests 1n-
dicated that very good stablilty ckaracterlstics could be
provided wlith the planing flap for take—off and landing.

INTRODUCT ION

In the design of the conventional flylng boat, the
depth of the maln sten 18 the result of s sories of com—
promises, During the take—off, a shallow step 1s desir—
able for low water resistance up to and including hump
speed; but a deepor stop 1s essential at hixh spasds to
aveld excesslve water resisiance and violent 1nstabllity.
While the seaplanse — partlcualarly a long-range seaplane —
1s in filght, tha step riay accouns for amn iuportant frac—
tion of the parasilte drag. Devlces for retracting or
removing the step 1r Fflisht are frequsanlly conse’dored as
a means of roducing .the eir drag, but *he iaprovement to
be obtalned has appareutly been 1nsufficien* to warrant
the developmont and adoption of such dosvices. If a ro-—
tractable dovice can be made to iuprove the take—off
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performance as well as to docreasc the alr drag, its
value may then become sufficient to warrant inmstallation
in the seaplans.

This report ircludee a limited colicoctlion of data to
indicate the amnunt of laprovement in ailr drag and in
water resistance that may be obtained by the use of a
retractable planing flap instead ¢f a fixed step. A flap
of the tyne required is descrioed and the rosults of tests
ir HACA tanlt no. 1 of a dynauic model ¢f a flying boat
that had been fitted with scveral arrangements of the
flap are precented to shcw the effects upon stadbllity dur—
ing tclke—off and landing.

EFFECT OY¥ DEPTE CIX STEP

FYator resistence.— Tank tasts heve shown that at
speeds be’ow and at humnp epeeld o small depth of step 1is
desirable for low witer reeistance. For example, the
data in reoference 1 show that the resistance at best trim
will be aboeut 8 percent lower for a step having a depth
cf 1 percernt of tho beam than for one having a depth of
6 percent of the be~m. A relatively deev step 1s roequired
at spoeds betwoen humyr specd nznd zest—away speed becanse
an insufficlent dentr of step ray rosult irn excossive
wotting of the afterbodr and reapid increase ia water re—
eistance just wnrior to tho gst—awny, vhich caa entirely
prevent itanke—off. (See references £ and ®.) In order %o
avolcd thie excoseive wetting, a depth of step of nut lessa
than 5 percent of the beam is gener-~liy considered neces~
seryy and Iin some heevily loaded flying boets a depth of -
eten of as much as Y percent of the beam is uszed.

Bydrodynanicg statilitr.— The dnta in reference 4 in—
dicate that a decrecse 1in depth of the craventional etbep
reduces the lower trim linit at and near huap speed, whers
low—angle porvolsing is moet 1ilelyx to occur, dut that at
high speeds, wvhere the nigh—angle type of porpoising pre—
seats a problem, either o relntively desp step or venti-
lation of = otep of lesaszer depth is essential,

Alr drgs.— Tho effect{ of the dopth of step on the air
drag of a fuli—slze seaplene float has been determined by
tests in the NACA propeller~research tunnel, but the re—
sulte have not yet been published. The float was of a
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type currently used for an airplane with a normal gross
load of 5300 pounds. The form of the original float,
wvith the successive changes, is shown in figure 1. The
step was reduced from the original depth to one—half the
original depth and to zero by successively filling out
the afterbody. The magnitudes of the air drngs at zero
pitch — which are practically the same as the minimum
alr drage — have been tabulatod in figure 1, and tho ef-—
foect of reducing the depth of step is apparent.

The profile of the float with zero depth of step 1is
about the same as the nrofile that would result from the
use of o planing flap of the type shown in figure 2. The
only important differeanée.is thut tvith tke plening flap
the aagular brea™ in the buittoer lir.es would be somewhat
farther forward. The results presented in figure 1 show
thet the mlainum drag of tho float courid be reduced anbout
16 percent by use of the reiractavle ploning flap. The
porcent rcecduction of the drecy of a comnlete meaplane ia
of course a groeat deal less than for aull or float w«lone.
Unpublisvked rosults of tests of an molel of a flying boat
made in the H.CA full—ascale tunnel bring thias faet cut
clearly. Fae model ueew 1a the full-—sczle tunrnel hpd o
spon of 35 feet and origirelly had o conventional stenm
with a depth equal to 5 rercent -f tho venm, It wac coxm—
plete with nacelles, tin floats, sntenna mas%t, and loop.
Tosts of the orisinal model ot on ailrsyeod of 1CO rilles
per hour inllcatod tha, the flying toat wvould keve a
maximwa lift—drag retio of 17.4., Then o foiriang was
odded aft of the atep, the lift—drag rntio wes incrcensel
to 17,7. The rangees correspondias to tlie two conditions
wore computed from Brdguet!s range formulr and the model
with the faired ostep siiowed an increase cf 2 percert in
the rangsc.

Addltional data on the eiTzct of the dopth of step
on the ailr drag of hulls and floats are given in raeafer—
ence 5,

PESCRIPTION O PLANIXG IFLAP

Nurmerous arrargements hs7ve boen suggested vhereby
the alr draz of a hull nay be reduced by fairing the atep
in flight. Figure & shows one of the simplest arrange—
nments, vhich was represented by the fairirg used in the
full+scale tunnel toets referred to previously. The
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transition fluip shown 18 a surface hinged at about 1 bean
longth abafit the step and 1s defliected in flight to ro—
duce the depth of the step to zero. One advantage of this
type of flap is that the loads imposed by the water reac—
tions occur vhen the flap is seated against the main
structure of the hull, In the extended positlion the only
loads on tke flap ere the samaller loads imposed Dby the

alr flow,

Flgurese 2 and 4 1llustrate a type of flap thaet of-
fers interestling possibllities in performing functions
other tkan tke reducitiorn of the alr drag. This flep may
be used to reduce the weter resistance at and near hump
speed snd to 1lmprove %the statlility characterietlics during
take-o0ff and landlng., 4L trarsverse axis 1s selected at
or 8lightly 2bove the chinaea and at a suitnble dlstance
forwe-G of tke ssep. The flar 15 & movablo sectlon of
the hull, naving a ¥Y-Lottom with chias flare, if desired,
ard 1s bounded on the after end by a crlindrical surface
heving as its center lire the hin-~e axis of the flap.

Or the forward end the flap is Dbounied dy n surface
formed by rotating a trzmsveree scction of the V—-brttonm
about the hinge nzis, The oxtent of tke curved surfacos
ot tho ends Cevends 1ncn thoe sagulzr dellection ruquired
and upon the structurai details. Inihe thickness of the
flap would be 3omewhrt greaiter than thoe vertical distance
from koel to chine, "Tke resultirg Toxilke structure
would te of sbout the rame type a8 would prodrably be re—
quired in any fori of planing flap des’ gned to withstard
the pressures dovelo: ol on the forevody in the vicinity
of tho step. Tho flap mey easlly be adaptel to provide
ventiletion by means of dicts from the sides above the
ckino of the flap to the after end in crder to discharge
alr through the riser of tne main etep. '

Althouch the present discussion is confined to con-—
slderation of the maln sten, the type of flap descrilibed
in the foregolng paragraphs may be used at other placos
on tae planing bottomn. Thin type of flep offers s rela—
tively simplc solution to tkhe problem of liancorporating
chino flare in the flap and of douflecting the flav with-
out opening a gap at the xeel. The plen form of the step
shown in figure 4 departs slightly from the straight
transverse form (with a vertical step) that is often used.
The doparture may, however, be mnde so small that the hy—
drodyzamic propertlies will not bdPe affected appreciadly.
For spacial applications the tralling edge of the flap
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may have any of a wide varilety of shapes and may present
e step resembling closely almost any form of V—step or
pointed step.

DESCRIPTION OF HODEL

A dynamic model of a flying boat was tested in NACA
tank no, 1 to lnvestigate the effect on the dynamic
stability of fitting flape of the type shown in filgure 2.
The model 1is similar to and about one~half as large as
the model usad in the tests in the full—scale tunnel,
which was previously described. The hull of this model
is outlined in figure 2. The construction of the model
followed the uvesual praoctice at NACA tank no. 1 as de—
scribed in refersnce 4.

Dirmensicne and weights of the basic model, which 1is
desilgnated WACA model 134, are as follows:

Yaximam beam (1.00 beam), inches , . « « o « o o « 1l4.24
Beam at sten (0.37 beam,), inches . « « « o« « o « . 13.86
Foreboiy lengsth (bew to step), imckes . . o o o o B1l.7
Over—nll length, irnches . & & ¢ ¢ o« ¢ ¢ « o« o o 124.05
Angle of dead riso, excluding chire

flare, dOogrees . . o o « o -« o = « o o o s o &« o 20
Wing area, fAgquare feel . . o« « ¢« &+ « ¢« « o ¢« o« o o 25.6
Wing Bspan, 1nches . ¢ . 4 « « « o o « o « o = o« « « 20C
Length of M,A.C, (wing), inches . + « « « o« & o . 20.12
Angle of incidence of wing, MH.A.C. to

forebody lkeel, degrees . . .« « « o o« o « o o o o+ B.2
Horizontal tull area, square feet . . . . . . .« . 3.51
Pitching monont of inertia, slug—feetd ., , . ., . . . 6.9
Center of zravity forwanrd of

967, Inches . . . . ¢ ¢« 4 o o« « o Fron 3.68 t0 5.0C0
Certor of zravity above forebody keel

at ftoan, ibches . < . . e s e s » s s e « o 172,23
Groea 1lngd covfliclent, lizht ., . . . ¢ ¢« ¢ ..., 0.87
Gross loal coelficlent, beavy . « « ¢« o o« « o o« « 9.98

The mnment of inertia 1s a scale valus typlcrl of
current pructice in the design of large flyir~ 2usun, The
distance o ths center of gravity forw:2l i "L~ 1ien was
aldJasted Jduriaz lhe tesis as requisec in ¢liniz Lle $rim
limite, The gross load coefficicnv ie expressed =s

a
Ca, = Ao /wd



whers

A, initial load on water, pounds

b maximun beam of modldel, Ised

w spocific weizht of wator, pounds por cubdbic foct

(63,2 1o/pv ft for tkc wa%er in NACA tenk no. 1)

Hdodificationa o0 tnu modol were mado ss skown in
fimtre Ha In each cess the stop was svreight transversoly
and vertically. Dcviations trat would bo required by use
of the flap were corsilored irsulflicient in imrortance to
Jastify ircormerati.g thom iz the wodel for the »present
TeRts8.
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The teat yrocofrre -'as in genursnl the sanc as theat
usually eirplorcd ov the FACA tanzsa arnd ie dascrived in
rofersnce 4,

T2in 1imite.— T"he model was towod lree to trin and

sl the elevators wors menlipuiatod to dotorminc the
¢ of triz for =iLilch ike mcdel was stable, Successivc
worc madce a¥t corstent srvads rengiag from the lowost
vhizhh porpoising could bo ottaincd up to tako—off spoeds.
Ir this way tlo lover %rim limit (below whizh tho rodol
world perpoine) and tiae uppor trauch of tho upror tria

lirit (abovo which jorpolsing al-~—s occurrel) wore deter—
@ired in t2e mannor descridbod in rcfcecrozco 4, Tho lowor
brerca of tho upoer lilait wan dotorminod by Srimming tle
moécl awcvc trhe unrer brarc.: srd, after porpoising decame
wull ostabliaked, the trim of tho model wvas sradually lowerod
antil it recovered ond zan steably. Thoe trii at which ro—
covory %ook placse dcternincdl a point on tho lowver dranczh of
tho uprur liumit, In tho detormiantion of tho trim limits,
ary rTozuler ancé rescurract oscillaticon In trim and rise of
guifizloent amplituce to bec oMmervcecd unmietakavly wes con—
sidcred porpo.sing

p"!"i"l
o e
.sfu
e o

Stablo =erngo of pomition of conter of sravity.—~ With
one of t-.e butter arraugumeats oz viro *;Pp, i:6 model waAs
toucd with tho elevator rixed in the ncutral rosition and
agrnin ia tho fvll—up pnsition during accolcrated runs.

Tho svecd was incroaessdl fteadlly from rest to a sposd
abocve get—awvay and otsorvations weie made of the trim whon




the model ran stably and of the mazimum and minimum trims
when porpoising occurred. The runs were repeated for ~
several positions of the center of gravity to deternirs
the fore—and—aft range for which porpoicing would not
ocecur with either full—up or neutral elevator.

Landing stabllity.— Observations of the behavior of
the model on landing were made by flying the mciel of?
the water, decelerating the towing carrlage whiie the
elevator of the model was adjusted to obtaln the desired
trim at contact, and then noting any tendency of the
model to skiy or porpoisc after landing. The rate of
deceleration was approxiunately tire same in each case.

RESULTS A4A¥D DISCUSSION OF SWABILITI TESTS

Prin_Jliuwits of st4hllitv.— Tho plote cf trin lizitss
of etobility, presented in figuroas 5 to 9 and sumnarized
in figuro 10, show that all erranzements of the planiag
flap caveod a marked losroriang of the lover 1limit, wiich
amounted to aheut 4° for wvhe 2.2° flep, adbout 3% for the
4,5° flap, and beitwoen 5° and 7% for tha short flay.

All flaps caused the upmer bdbronch 5f tho u~per linit
to be lowered by anounts ranging from 1% $0 aboutw 2.5°.
The shox»t Tlap caused tho lower dbranch of tiho uppor Llinis
to be lowvereld sharnly, the effect veilng =28 =uer as 79,
The long flaps lowered tkhe lower branch by szmaller aiounts —
about 30 for the flap deflected 4.5°, and about 3° for the
flap deflected 2.2°.

Linitineg pesltions of center of graviter.— Fi,.ure 11

sBhows the variation of trim with speed for neutral esnd
for full—up elerator with tho center of gravity at three
differont locutlons., ¥No porpoising occarred with the
center of gravity at 36—percent or at 40-—percent nean
aerodynemic chord, With the center of gravity ot UI—
percont mean aerodynsmic chord, no pormolsing occurred
with full-up elevator. With neutral elevator and with
the conter of gravity at 34—fpoercent mean aerodynamic
chord, however, the trin o7 the model nassed below the
lower limit al about 20 feet per second and tLo low—angle
type of porpoising followed, Conparison of figure 1l wita
figure 10 shows that with full—up elevator and with the
center of gravity at 40—percent mear aserodynamic chord,




the trim of the model nt a speed of about 40 feet per
second was noar the upper branch of the upper 1limit and
tkat porpolsing might occur i1f the model were accelerated
at a nuch lower rate through this unstadble region near
getwawvay. The plots indicate that the stable range of
nosaltions for the centor of gravity is from about 33

to 40 percent of the meen aerodyrnaric ckord 1f the stable
‘rarge 1o defined es that range for which porpoising will
not occur with either neutral or full-vp elovator. Ob—,
viously, %ho stadle rouge will be influenced to an im—
pertant oxtont by tiie effectc that tarust, slipstrean,
and variabions in tho defie-~tlon of ft.are aecrodynamlc flaps
w11l have on tha trin cnd or the wi..g 1ift. Tho range of
7 percert, although smecller o8 corpared wish that ~hieck
le commonly provided for in flizht, i3 typical of the
value obtained in testes of conrantional dynamic models
without powered propeilers,

The forcgolng intcrypretation of the datn obteined
during the acceleratoel r-ins 18 bused or the critorions
for atebillity as prop:-sed by Stout (relference 6) to as—
stre trhat a seapliane will be hydrcéi.namlcally stable for
all poeitions of the conter of gravity likely to occur
in preactice. The corcept of a stabtle rango of the posi-
ticn of tha centor of gravity 1s essentlal and nuset bde
Genlt with in »nractice, but there mar be doubt as to the
trimming-aonunt criterions that should be uced. The cri-
terlion that beth full--up and neutral elevator auct be
avellstle wlthoul cauging oexcessive porpoicing may in
sore cates ve unnccos8rrily conservative, If 1t 1s as—
sured that the pilet will teke vraecautions to avold por—
pelsing, the moleil with the planirg flap will provadly
hove a sBatinfacicry range of stnble pocitions of the cen—
ter of gravity. 1ln a speclfic design the location of the
step relabive to the wing nay differ from +that used in
the present tests in order ‘that the hydrodrnzmically
atablo range bPe within the range for which the seaplane
was decignoed Lo £fly.

Skxipatreg.— Cbservetions on the bahavior of the modsel
after Lyundirs ave listed in tabiee I and IZ. Tho short
flep deflected 7% cauiced very severaeskipping after land—
ing end for that reason alone probadly would be irprac—
tlcavie. The trim linits for the short flap show that a
high probavility of slkirping cor some form of instadbility
should bte expected whor a landing is nade at trins greater
tkan abeut 47 becouse cof the unfavorable lower branch of
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the upper limit, The sinking speed of most landings would
be sufficient to provide an impulsé thdt "would bé likely
to ceuse the high—angle type of porpolaing to appear at
trims conelderably below the upper branch of the upper
limis,

Vhen the model with the long flap was landed at some
of the higher trims, skipping occurred. In general, the
model with the long flap appeared to have a 8lightly
greater skipping tendency than did the basle model with
an equel depth of step. The type of motlons involved,
however, were much less violent with the long flap than
with the short flap.

The phenomenon of skipplrg mey be considered as in—
volving one or more of ¢t least three different types of
insteblllity. Tho first, snd nost important type, 1s that
involving "silcking" and is commonly aerociated with in—
sufficient depth of step. If the supnly of inflowving alr.
aft of the step is inadegquate, rother lerge regative
pressures occur intermittently oa the afterbody nesr the
stop and cause rapild flitvctuaatlions in the draft of the sca—
plane. 2e mctlone that follow are usually violent and
the seaplano may leap clear of the water at epeeds and
attitudes unaafe elther for flight or for larding. This
type of instebllity mayr be prevcnted by furnishing an
ample supply of alr eitho~ “y an incrense in the depth of
step or by tl:e use of reluvively larze ventilation ori-
flces nt tho step near the keel.

A second type of instabllity 1s merely a recoll that
occurs wlth no chenge in trim and has been observed dur—
ing tonk tests of slagle planing surfaces beilng towed
free to rise at fixed trim. Planlng surfaces have bounced
clear of the water several times after belng dropped into
the water with a light load at high forward speede.

A third type of instablility i1s the result of a dif-—
ference between the equllidbrium attlitude whlle the sea—
plans is in flight and the ettitude 1t assumes after 1t
ellights o2 the weter. With the center of gravity well
forward, contaot with the water may cause an lmnedlate
decrease 1lr trim, which reduces both the 1ift coefflclent
of the wlng end the planing coefficient of the bottom, A
reduction in eiitker coefficient willl czuse the model to
slnxz deeper into the water. If equilibrium i1s approached
asymptoticsally, no bouncing occurs., With the center of
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gravity well aft, an increase in trim will prodbadly fol-
low the landirng and both the wing and nlaning bottonm
will give an vpward inpulse that will be followed by =
downward motion as the forward speed decreases, IThus,
forwvard positions of the center of gravity add damping
to any ekipplng tendency; whereaa aoft pcsitlions tend to
accentugte tkhis type of instability., This effect of the
position of the cemnter cf greovity 1s shown Dy comparing
tte data in tedble II Zor the ceator of gravity at 28—
percent menn aerodyanamic ckzord with the results for the
center of grovity at 40-percent neen anerodynamic chord,

Skipning or touncing cavsed by any ono or more of
the three trpes of instebility 1s undeslravle, but the
"type moet likely to bo unsafe and divergent is that wkiech
involves 3tickiag of the aftcrdody.

The results cof the stavillity tests iandicate that the
violeut types of instarLility may be avolded 1f doth suf-
ficlent denth of sten 8 provided and the planling bottom
of the forebody ic strelght longltudinally Tor a distance
forwvard ¢f the step equal to about 1 beam length. 3oth
conditions aprvear to be satiefied 1f a retractadle flap
Laving a length a%ual to %ho beam 13 used with a deflec~—
tion of abovt 2.2¢ or possibly as much as 4°,

COLCLUDIFG REMLREKS

A retrectadle plening flap may be usod imstead of a
fixed etep to vary the depth of eter during and after
take—off in order to lower the resisterce both on the
vater and in the alr. Such a flgsp mar also be used to
improve the hydrodynamic stability characteristics. For
a long-range flying boat of current deelign, the possidle
reduction in water recistance at hump speed willl be about
8 percent, The reductlion in alr drag of the complete
flying boat at crulsirg attitude will be of the order of
2 percert, The planing flup may be uced to improve sta—
bllity charascteristics Dy makiung possidble the use of &
shallow ster at hump speed and o~ deen stem ot high speeds,
The shellow stap would increase the otfeciiveness of the
afterbody ot low sveeds and would thereby lancrease the
speed at which low—angle vorpoilsing could first occur
during tako—oif. The deen step at high speeds would as—
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sure ample clearance of the afterbody and would therebdy
remove to a large exteat the probability of sticking and
the assoclated type of high—angle instability.

Langley Memorial Acronautiocal Laboratory,
National Advisory Oommittee for Aeronauntics,
Langley Fleld, Va.
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TABLE I.-~ EXFEQT OF VA];XINGTE CHORD OF A PLANING FLAP

OY TEE LANDING STABILITY

¥odel 134PF

Chord, 1.0 beanm
c.g., IU~percent M.A.C.
Step depth, 0.14 beam

Model 13UPF-2

Chord, 0.4 beam
C.8.» 3li-percent M.A.C.
Step depth, 0.10 beam

Model 134PF-2

Ohord, 0.4 beam
C.gss HO-percent M.A.C.
Step depth, 0.10 ‘beam

Cags 0-4T7.
%z:‘;). L;fgi:? Recarke ?ig); I:;E%g Romarks fgi";) L;fggg Remarls
| i 13.ﬁ L2, | 2 ukips| ~-—- -
11.5 | 43.6 | 2 skips| --— — B T I JEEE—
9.5 | u3.8 |2 eipsj-— | — 1 wieeu]10.0 | 39.8 | 3 ekips
8.0 - Lhé.h 3 skips
7.2 45.6 2 skips ‘ T.0 ). wb,.i Seversl| 7.5 39.7 4 sicips
sicips
5.0 46.1 1 skip 5.5 47.0 Y skips|{ 5.5 45.0 7 skipe
SE=s SNEPEE PR 3.0 50.4 ' table 3.5 u5.2 5 skips
e _— DN [ — 2.0 4 | Stable




FACA TABLE II 13
COMPARISON OF THE LAKDING STABILITY OF A MODEL WITHOUT A PLANING FLAP
AND WITH A PLANING FLAP AT TWO DEFLECTIONS
[Chora of planing flap, 1 beam]

Model 13LPPF Model 13LPP-3
- Model 13LC
8pr = L.5° Bpr = 2.2°
Step dept?i)o.lh beam | Step dgpt?i)o.lh beam No planing flap
Landing Landing)| Landing
?ggm) speed | Remarks ?zém) apeed | Remarks ?ggm) speed |Remarks
€)| (fps) &) (fps) 8 (fps)
Cags 0.87; c.g., 28-percent M.A.C.
cmme | mmmeema| mmcaaa el B Dt 14.0 | L2.9 |1 skip
12,0 L2.0 {1 skip | 12.0| L3.0 |2 skips| 12.0 | 41.6 |Stable
VIR (- | mmm———- come | =mea | ecca-aa 11.0 | L1.l; |stable
10.0 | L43.0 2 skips| 10.0| L3.5 |2 skips] 10.0 | L1.9 |1 skip
cmen | cmmema= | cmmece- B TSy [ 9.0 | L2.1 [1 skir
SRR Ty I ------- Z.s L2.0 !3 skips 2.5 : hl.% 1 skir
6.0| LL.0 |2 akips .0 . 1 skip .0 ! LL.6 !steble
3.0 L5.0 |1 skip L.o| L6.0 |1 skip 3.5 1 L47.5 table
oo | mmmeeee] ceemaaa 1.0| 49.0 |Sta&ble | =eee ocen |eeccea-!
CAgs 0.98; c.g., 28B-percent M.A.C.
e 1.0 L5.5 |2 skips| 1L.0 | ﬁ3.3 "1 skip
12.0 | L5.5 11 skip | 11.5 L5.5 |1 skip | 11.5 .5  Stuble
10.c| 5.0 |1 skip | 10.0{ L5.0 |2 skips| 10.C ' LZ.7 1 skip
9.5 | LL.o [Stavie | 8.0 L5.0 |3 skips| ---- | -2-- |2 {
7.0 hp.s Steble | =e-=| «cce | cccea-- 7.5 , b5.8 11 sxip
.C ,edgind Stable 6.0 L5.0 |1 skip | 6.0 | L6.6 |1 skin !
L..c| 50.5 4 S5table Lh.o| 4B.0 {1 skip L.o " L4B.5 i1 skip |
e e T T e o o e T e R e e e [ e Y o} e e eaem | aeie e =l
| LNl PRl e 1P 1 pingsioilll
i CAQ' 0087: coSo, ho-pol‘_cﬁnt !Il.A.c.
Il
e | mmm—a- J- ------- 12.0| Ll.6 E skips| 1%.0 i 2.0 2 skips |
wmmm | mmmeeee] emmee-- 1c.0| Ll.0 skips| 1C.C | L2.5 |2 skips
mmee | mmmcced] eceeeea 7.51 L41.8 |5 skips| 2.0 ; LL.0O |1 skip
LJC OO R PO XL X i e '5 hao% 1 Bkip 6.0 ’ .0 2 Bkips
mmen | emmmeed eccceea .0 Lg. 1 akip 3.5 i 46.0 [Stable
R R TEL R T PR 1.5 LBy |1 skip | ---- ’ mmee [ =mee---
CAO' 0098: CeBey Lo-percent ll.A.C,
12,0 | L2.5 |9 skips] 12.5| L}.€ skips{ 12.0 | L5.2 |5 skips
10.0.{ 4.0 |9 skips| 9.5 | LL.4 K skips| 10.0 Eﬁ.o 2 skips
3,0] . |7 skips] 7.5]| L5.2 |5 skips| 8.0 .5 12 skips
6.0/ L45.5 |3 skips| 5.0| L5.4 |1 skip 6.0 | 6.0 |1 skip
L.o hg.s 2 8KIps| =e-e| ecce | wccacaa L.0 ' 50.0 |1 skip
2.0 UB.5 |2 skips| ==ee| -co- | cceccca] ccan | mcee | mecena-
T I Ty 1.0{ 55.0 |S8table | === | =ccec |eccca--

1bpf deflectlon of planing flap.
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e

Figure 2.-'Profile of model showing flap deflected. Dotted lines indicate flap in retracted positibn.

_ —

Figure 3 .- Profile of model with transition flap behind step. Dotted lines show position of flaep
extended in flight,
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(a) Flap retracted in flight.
fair into the afterbody,

Here the keel and chine of flap

_—A

i

(b) Flap deflected to form step.

! 1 Afterbody keel
3 !

0.12 beam--—5

(c) Arrangement having larger angle of afterbody keel. Here the keel and chine of the
flap when retracted are inclined at an angle between that of the forebody and
afterbody. Dotted lines show flap deflected 2 below forebody keel.

Figure 4.~ Sketches showing typical alterations to conventional lines resulting from use of two
speeds and a deep step at high planing speeds.

|

(d) Transverse section through hinge
axis of flap.

Axis of flap

| —~Step

'r——Fbrebody chine

Axis of flap

¥ —

(e) Plan form of step, The departure from the
Conventional, straight transverse form

is small.

NATIONAL ADVISORY
CUMMITTEE FOR AERONAUTICS

arrangements of the flap for providing a shallow step at low ®
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Fig. 5

Ye it

BASIC MODEL
MODEL 1344

| E!EAM——‘
_-f:

45
BASIC MODEL WITH PLANING FLAP. DEPTH OF STEP
INCREASED TO 2014 BEAM),
MODEL  134PF

T

Sy
2.2 1
EASIC MODEL. WITH PLANING FLAP. DERTH OF STEP
INCREASED TO 2w(0.14 BEAM).

MODEL 134 7F-3

0.4 BEAM [

: i
BASIC MODEL WITH PLANING FLAR DEPTH OF STEP
INCREASED TO w014 BEAM).
MODEL 134PF-2

2 IN. 138°

—
? IN. 83

WING INCIDENCE OF BASIC MODEL DECREASED 25°
AND ANGLE OF AFTEREBODY KEEL INCREASED 15°
DERTH OF STEP =2u{0.14 BEAM).

MODEL  134C
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

FIGURE 5 .- MODIFICATIONS TO BASIC MODEL AT STER

~565-
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Fig. 6b
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NACA Fig. 11
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